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UDC:621.311 
MATHEMATICAL MODELING OF THE OUTPUT POWER OF A MOBILE POWER 

PLANT WITH A GARLAND TURBINE 

Sultonov S. 

Namangan state technical university. 
Abstract. In this study, three key factors influencing the performance of free-flow and low-pressure micro-

hydropower water wheels—wheel length, water velocity, and number of blades—were identified through theoretical 

analysis. The variation ranges of these factors were determined, and corresponding experiments were performed. The 

reproducibility of the experimental data was verified using the Cochran criterion. The significance of the regression 

equation coefficients, as well as the adequacy of the mathematical model and the response function, were evaluated 

using the Student’s t-test and Fisher’s F-test. 

Key words: active power, water velocity, regression equation coefficients, mathematical model, water wheel, 

micro hydropower plant. 

 

GIRLYAND TURBINALI MOBIL ELEKTR STANSIYANING CHIQISH QUVVATINI 

MATEMATIK MODELLASHTIRISH 
Sultonov S. 

Namangan davlat texnika universiteti. 
Annotatsiya. Ushbu tadqiqotda erkin oqimli va past bosimli mikroGESlar uchun gidrog‘ildirakning ishlash 

samaradorligiga ta’sir qiluvchi uchta asosiy omil: g‘ildirak uzunligi, suv tezligi va parraklar soni nazariy tahlil asosida 
aniqlangan. Ushbu parametrlarning o‘zgarish diapazonlari belgilandi va tegishli eksperimental tajribalar o‘tkazildi. 
Olingan eksperimental ma’lumotlarning takrorlanuvchanligi Koxren mezoni yordamida tasdiqlandi. Regressiya 
tenglamasi koeffitsiyentlarining ahamiyati, shuningdek, ishlab chiqilgan matematik model va javob funksiyasining 

adekvatligi Student mezoni va Fisher mezoni orqali baholandi. Natijalar girlyand mobil mikroGESlar turbinali 

konstruktiv va ishlash parametrlarini optimallashtirishga xizmat qiladi. 

Kalit so‘zlar: aktiv quvvat, suv oqimi tezligi, regressiya koeffitsiyentlari, matematik model, gidrog‘ildirak, 
mikroGES. 
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МАТЕМАТИЧЕСКОЕ МОДЕЛИРОВАНИЕ ВЫХОДНОЙ МОЩНОСТИ 
МОБИЛЬНОЙ ЭЛЕКТРОСТАНЦИИ С ГИРЛЯНДНОЙ ТУРБИНОЙ 

Султанов С. 
Наманганский государственный технический университет. 

Аннотация. В данном исследовании на основе теоретического анализа выявлены три основных 
фактора, влияющих на работу свободнопоточных и низконапорных микрогидроэнергетических водяных колёс: 
длина колеса, скорость потока воды и количество лопастей. Были определены диапазоны изменения этих 
параметров и проведены соответствующие экспериментальные исследования. Воспроизводимость 
экспериментальных данных подтверждена с использованием критерия Кохрена. Значимость коэффициентов 
регрессионного уравнения, а также адекватность математической модели и функции отклика оценены с 
применением критерия Стьюдента и критерия Фишера. Полученные результаты могут быть использованы 
для оптимизации конструктивных и эксплуатационных параметров гирляндных микрогидроэлектрстанция 
мобильного типа. 

Ключевые слова: активная мощность, скорость потока воды, коэффициенты регрессии, 
математическая модель, водяное колесо, микрогидроэлектрстанция. 

 

Introduction. In this study, the factors influencing the use of garland-type micro-
hydroelectric power plants in agricultural electricity supply were selected as follows: water wheel 
length (x₁), water flow velocity (x₂), and the number of blades on the water wheel (x₃). The 
variation in the water-contact surface of the wheel depends on its height and length. Because the 
streams in the foothill regions have relatively shallow water levels, the outer diameter of the water 
wheel cannot be altered; therefore, only the wheel length was varied. The water flow velocity 
changes depending on the required output power. The number of blades directly affects both the 
power output and the rotational speed of the wheel. Based on the results of preliminary 
experiments, and considering that the response function is nonlinear within the investigated 
experimental region, the experimental design was developed according to Hartley’s plan [1-7]. 

Materials and methods.The factors influencing the process of electricity generation from 
micro hydropower plants and their change intervals and levels (table 1). 

 

Table 1. Intervals and levels of factor modification 

Factors X1, m X2, m/s X3, piece 

Base level Xi0 (xi0=0) 1.5 2.5 9 
Change interval DXi 0.5 0.5 3 
Low Level Xip (xip= -1) 1 2 6 
High level Xiy (xiy=+1) 2 3 12 

The Hartley’s plans spectrum matrix is presented in (table 2). Table 2 shows the results of 
the experiment (yg1, yg2, yg3) and the average value and variances of m parallel experiments are 
calculated using the following expressions: 
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05.0q  We calculate the expression of the experiment for q=0.05 according to the 

following expression according to the Koxren criterion: 
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This value does not contradict the results of the observation of the response under the 
hypothesis of the repetition of the experiment. 
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Table 2. Hartley’s plan matrix and experiment results 

g 

f matrix of basic functions 

1gy  2gy  3gy  
g

y  2
gS  

^

gy  f0(x) f1(x) f2(x) f3(x) f5(x) f6(x) f8(x) f11(x) f12(x) f13(x) 

1 x1 x2 x3 x1·x2
 x1·x3

 x2·x3
 x1

2 
x2

2 x3
2 

5 -1 -1 +1 +1 -1 -1 +1 +1 +1 -1 100 104 94 102 25 102 
2 +1 -1 -1 -1 -1 +1 +1 +1 +1 +1 200 190 205 198 58 201 
3 -1 +1 -1 -1 +1 -1 +1 +1 +1 -1 340 334 337 337 9 338 
8 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 361 355 365 360 25 359 
9 -1 0 0 0 0 0 +1 0 0 -1 392 390 376 386 76 385 

10 +1 0 0 0 0 0 +1 0 0 +1 450 445 447 447 6 449 

11 0 -1 0 0 0 0 0 +1 0 0 410 417 420 416 26 417 
12 0 +1 0 0 0 0 0 +1 0 0 460 465 463 463 6 462 
13 0 0 -1 0 0 0 0 0 1 0 350 354 348 351 9 349 
14 0 0 +1 0 0 0 0 0 1 0 300 293 303 299 26 297 
15 0 0 0 0 0 0 0 0 0 0 380 385 370 378 58 380 

 
At n=3, the Hartley plan is symmetric, so we determine the moments of the plan by the 

following expressions: 
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Based on the above expression, we calculate plan moments: 54545.042   , 45454.03   

We determine the constants according to the Hartley plan using the following expressions: 
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(4) – (7) we calculate constants from expressions: 8947.2a ; 9705.0b ; 9998.10c ; 
0734.3d . 
We check the correctness of the calculated values of a, b, c, d using the following 

expressions: 

12  nba                                                                    (8)  

  02  cndb                                                                (9) 

   01 432   dcndb                                                      (10) 

We determine the regression coefficients using the following expressions: 
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We determine the value of the regression coefficients through the above expressions:

00714.5110 b ; 5.301 b ; 33.742 b ; 16.213 b ; 1512 b ; 8,7913 b ; 33.2423 b ; 

387.98811 b ; 8135.102022 b ; 8.5533 b . 

Coefficient variances and correlation moments are determined using (15):  

 yS
N

a
bS

2
0

2 )(                                                              (15) 

   ySNbS i

21
2

2 )(                                                       (16) 

   ySNbS ij

21
3

2 )(                                                         (17) 

   yS
N

dC
bS ii

22 
                                                          (18) 

   yS
N

b
bb ii

2
011

^

,                                                         (19) 

   yS
N

d
bb ijii

2
11

^

,                                                         (20) 

Determined repeat variance   696.292 yS  and mean variance   898.92 yS  taking into 

account the values, we calculate variances and correlation moments: 
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jt - The statistical significance of the regression coefficients in a regression model helps determine 

whether the independent variables have a statistically significant relationship with the dependent 
variable. Here’s how to evaluate this: 
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Using the above expression, we calculate the tj criterion value for each coefficient. 

166.1960 t ; 4867.181 t ; 0551.452 t ; 83.123 t ; 5765.74 t ; 3071.405 t ; 

2908.126 t ; 565.1387 t ; 111.1438 t ; 977.1199 t . 

To check the significance of the regression coefficients, we compare the null hypothesis 
with the alternative value of the Student t-criterion using the following inequality: 
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In our case 05.0q  the value of the Student distribution for: 
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Results and discussion. For all coefficients, the condition in expression (22) is fulfilled, 
which means that all coefficients are significant, and we get the mathematical model in the 
following form: 

  2
3

2
2

2
1323121321

^

72.01.1522.332917.1375.3375.587.1983.4763.2623.272, xxxxxxxxxxxxbxy      
(23) 

(21) we present the values of the expression in Table 2. 
The next stage in processing the experimental results is to test the hypothesis regarding the 

adequacy of the mathematical model and the response function. Following the regression analysis, 
this evaluation is performed by comparing the variance of the experimental data with the variance 
representing model adequacy. 

The hypothesis concerning the homogeneity of these two variances — that is, whether the 
model adequately describes the experimental results — is tested using Fisher’s criterion: 
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We calculate the degree of dispersion representation (reproducibility) using the following 
formula: 
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Based on the value in the table, we calculate the selected variance: 

31087.13
2

62173.262
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 
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V1=N-d=11-9=2;     V2=N(n-1)=11(3-1)=22 
The tabular value of the Fisher criterion at q=0.05 is equal to the following: 

F= 1.344669 <F1-q(2.22) = 3.44 
Therefore, the hypothesis about the compatibility of the mathematical model and the 

response function does not contradict the observational results[8]. 
After converting the factors from their coded values to their natural values and making 

appropriate changes, the mathematical model representing the process of using micro-hydroelectric 
power plants in agricultural electricity supply looks like this:

9424.61081.04164.60916.13286.05.256.211752.29222.181258.483 222  zvbvzbzbvzvbP

 Conclusion. In the process of optimizing the parameters of the micro-hydropower plant 
water wheel intended for agricultural electricity supply, the most influential factors were identified 
as follows: the water wheel length b = 1.7 m, the water flow velocity v = 2.9 m/s, and the number of 
blades z = 12. At these parameter values, the output power reached its optimal level of 345.1 W. 
The factors were studied within the following ranges: 

1 ≤ b ≤ 2 m; 2 ≤ v ≤ 3 m/s; 6 ≤ z ≤ 12. 
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The reproducibility of the experimental results was evaluated using the Cochran criterion. 
The significance of the regression equation coefficients was verified using the Student’s t-test, and 
the adequacy of the mathematical model with respect to the response function was assessed using 
Fisher’s criterion. 
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